the neuronal macrophages are developed from the hemopoietic tissue, while the oligodendrocytes originated from progenitor cells that translocate into the ON (Small, Riddle, & Noble, 1987) .
Astrocytes have been known for its numerous functional roles, which are important for both ON and normal brain function; for example, they preserve ionic equilibrium, adjust neuronal metabolism, participate in the blood-ON barrier as well as bloodbrain barrier, and contribute to nervous system repairments (NS) (Ridet, Malhotra, Privat, & Gage, 1997; Trivino, Ramirez, Salazar, Ramirez, & Garcia-Sanchez, 1996) . Moreover, the astrocyte network plays a remarkable role in the metabolic and mechanical support of the axons of ON and safeguard them against injuries (Elkington, Inman, Steart, & Weller, 1990; Gonca, Filiz, & Dalçik, 2005) .
Glial fibrillary acidic protein (GFAP) is an astrocytic structural protein with intermediate filament (IF) (Beckel, Xia, Lim, Macarak, & Mitchell, 2012; Türkmen, Eren, Fedakar, Akgöz, & Çomunoğlu, 2007) . GFAP immunostaining is the most widely used method for studying the astrocyte hypertrophy and proliferation after neuronal damage (Satriotomo et al., 1999) . Myelin basic protein (MBP) is the main component of the myelin sheath secreted by both Schwann cells and oligodendrocytes in the NS, representing about 30% of the whole protein expressed in myelinating cells (Boggs, 2006) . Iba1 protein is enriched in microglia cells and has been used as a microglia marker (Lee, Liang, Fariss, & Wong, 2008; Perry, Hume, & Gordon, 1985; Sharma et al., 2015) . Microglia play a significant role in immunity and phagocytic activity during physiological as well as pathological conditions (Bosco, Steele, & Vetter, 2011; Streit, Conde, Fendrick, Flanary, & Mariani, 2005) . Research on the immunofluorescence intensity of different glial cells markers in the ON of the adult camel is scanty in the available literature. Hence, the main target of the present study was to proceed a histological characterization of the ON, focusing on determining the intensity of each protein in the camel ON, and provide a reference for future studies in the related research.
| MATERIAL AND ME THODS

| Specimen collection and tissue processing for histological evaluation
In this study, camel's ONs were freshly collected from fourteen adult male and female camels (seven for each), obtained from El-Basateen (Cairo, Egypt). Both slaughtered camels were apparently healthy and subjected to veterinary inspection according to the ethical rules.
Small pieces of ON were preserved in 10% buffered neutral formalin, then routinely processed and embedded in hard paraffin for histological and immunohistochemical observation. The sections were stained with Harris's haematoxylin and Eosin (Charles & Churukian, 2009; Harris, 1900) for studying the general histomorphology of the ON. Mallory's phosphotungstic acid haematoxylin (MPAH) staining was used for the detection of glial fibres and myelin. Heidenhain's myelin staining was used for the detection of myelination in the neuronal tissues (Luna, 1960; Shechan & Hrapchak, 1980) .
| Immunohistochemistry (IHC) and confocal immunofluorescence (IF)
Standard protocols of immunohistochemistry (IHC) (GarciaMartinez, Campos, & Godoy-Guzman, 2017; Godoy-Guzman, San Martin, & Pereda, 2012) and confocal immunofluorescence (Itoh, Itoh, Tassoni, & Ren, 2017; Sun et al., 2009) were performed as described earlier with minor modifications. For both methods, tissue sections of 5 μm thick were deparaffinized in xylene and rehydrated through graded sets of ethyl alcohol. To minimize nonspecific background staining as a result of endogenous peroxidase, sections were incubated in H 2 O 2 for ten minutes, and then, they were washed two times in phosphate-buffered saline (PBS; pH 7.4). For antigen retrieval, the slides were incubated in microwave EDTA (pH 8) for 15-20 min at 99°C and then were washed in tap water. Following four times washing in buffer blocking solution (bovine serum albumin, BSA), tissue sections were further incubated for five minutes at room temperature to prevent non-specific background staining. After washing four times in PBS, primary antibody was applied (anti-GFAP, anti-MBPand anti-Iba1) (see Table 1 for antibodies criteria) and incubated at 4°C overnight. At the end of incubation, the sections were washed four times in PBS. For confocal IF, the fluorescence-tagged secondary antibodies were used (Alexa 488-or 568-conjugated anti-mouse, anti-rabbit or anti-rat secondary antibodies (Molecular Probes) were used at 1:500. A nuclear dye To-PRO-3 Iodide [Molecular Probes] was used at 1:700) to mark the nucleus. For IHC, all the prepared sections were incubated for 45 min at room temperature with specific peroxidase-conjugated secondary antibodies (HRP-tagged secondary antibodies; see Table 1 for antibodies criteria). The antigen-antibody reaction was visualized using 3,3'diaminobenzidine (DAB) peroxidase substrate kit SK-4100 (Vector) followed by a slight contrast with Harris' haematoxylin. For both methods, the remaining reagents were rinsed with 1× PBS and wiped off the water from the slide, and then appropriate quenching media was added. Carefully, the air bubbles were removed, and the lid of a cap was covered. For long-term storage, the nail polish was used. As well as, for each IHC experiment, negative controls were done by omitting the primary antibody together with species non-specific secondary antibodies.
| Semi-quantitative RT-PCR analysis
Extraction of the total RNA was done using TRIzol reagent (Gibco BRL-Life Technologies) from HEK293 cells and camel ON as previously described (Mi, Haeberle, & Barres, 2001) . Following ethanol precipitation, mRNA was re-suspended in 70 ml of water and can be stored at −80°C until used. The mRNA was reverse transcribed using Superscript II (Life Technologies) with an oligo-dT primer (10 mM) in a 35 ml reaction containing 1 ml of Superscript II RT buffer, 10 mM each dATP, dTTP, dCTP and dGTP, and 20 U of RNasin (Life Technologies).
After 2 hr at 42°C, the reaction was terminated by adding 365 ml of H2O and boiling for two minutes. All cDNA specimens were stored at −30°C until used for PCR. For PCR amplification, specific oligodendrocyte primer pairs (see Table 2 for primers information) were incubated with 1 ml of cDNA and 1 U of Taq polymerase (PerkinElmer Life Sciences, Emeryville, CA) in a PCR solution (Boehringer Mannheim, Indianapolis, IN). Cycle parameters were 1 min at 94°C, 1 min at 56°C and 1 min at 72°C for 39 cycles, followed by a cycle at 72°C for 10 min. The whole reaction was then fractionated on 1% regular agarose gel, and the PCR product was visualized by ethidium bromide staining.
| Western blotting
Western blotting was performed as described previously (Lambert, Agarwal, Howe, Clark, & Wordinger, 2001) and then, the samples were subjected to western blotting using anti-GFAP.
| Imaging
Photomicrographs, acquired for histo-morphological analysis, were picked up using a research optical light microscope (Olympus BX41, Tokyo, Japan) fitted with an Olympus DP25 digital camera (Tokyo, Japan) at Cytology and Histology Bethesda, MD, USA, and RRID: SCR_003070). The nuclear staining was used as internal control. An arbitrary threshold value was set for each channel and used for all relevant images. The average intensity of each protein signal within the region of interest was normalized to the average of control intensity. Proteins co-localization in ON was quantified by calculating the number and percentage of co-localization puncta in 100 µm 2 using Image J and mapped as scatter plot. The extent of co-localization was analysed by Manders coefficients (Dunn, Kamocka, & McDonald, 2011) . Statistical comparisons were carried out using GraphPad Prism 6. All data were expressed as a mean ± standard error of the mean (SEM). and anti-Iba1) was tested using specific secondary antibodies (first channel) and nonspecific secondary antibodies (second channel, control channel). (a) The GFAP antibody (red) stained a model of cellular histomorphology and distribution of astrocytes in the ON that is similar to a previous report (Sharma et al., 2015) . (b) The MBP antibody (red) identified the localization of oligodendrocytes. (c) The Iba1 antibody (red) labels the microglia that is identical to a previous study (Sharma et al., 2015) . Nuclear dye To-PRO-3 Iodide indicated nuclear staining (blue). 
| Amino acid sequence comparison of GFAP, MBP and Iba1 in different animals and human
To identify regions of similarity and identity that may be a consequence of the functional, structural and evolutionary relationship between the sequence of camel glial cells proteins (GFAP, MBP and Iba1) with other different species such as bactrian camel, mouse and human. We performed the sequence alignment analysis using the UniProt database (https://www.
uniprot.org) and NCBI database (https://www.ncbi.nlm.nih. gov). We found that camel GFAP was highly conserved among the indicated species (Figure 2a,d ). Sequence alignment for camel MBP reveals high similarity with human and mouse MBP, while showed lower similarity with bactrian camel (Figure 2b,d ).
For the microglial proteins, the sequence analysis showed highly conservation ratio between camel Iba1 and other animals (Figure 2c,d) . These results propose that the camel glial cells proteins are highly conserved residue when compared with human proteins.
| Expression pattern of microglia, oligodendrocytes and astrocytes in the ON
To obtain a general overview of glial cells intensities in the ON, specific antibodies against different glial cells proteins were used.
Representative immunofluorescent staining for astrocytes, oligodendrocytes and microglia in adult camel ON is shown in Figure 3 .
Paraffin-embedded camel ON was immunostained using a polyclonal antibody against GFAP, a specific astrocytes marker and against MBP, oligodendrocytes marker, and against Iba1, a microglial marker. Nuclear dye To-PRO-3 Iodide was used to detect the nuclear content (Figure 3a-c) . The Irregular distribution of astrocytes is recognized throughout the ON, by which the astrocytes processes radiate around the somata including the nuclei to give the typical star-shaped structure (Figure 3a) . Some of the astrocytes can be showed to have a few processes (Figure 3a) . 
| Expression of GFAP protein in the ON
| Association of different glial cells in the ON
In the light of the immunostaining shown above, and to verify the association between the different glial cells in the ON, we studied the co-localization of GFAP with MBP or Iba1. As shown in Figure 5a ,b, few GFAP staining were co-localized with the MBP (Figure 5a ) and (Figure 5d ,e). The association ratio between GFAP and MBP was higher than its co-localization with Iba1 protein (Figure 5c -e).
| GFAP staining reveals different morphology for astrocytes in camel ON
The analysis of astrocytes staining revealed that different shape of 
| D ISCUSS I ON
In this study, we described the expression patterns of different glial 
| Optic nerve histology
We carried histological studies on fourteen ON of adult camels which provided important information regarding the ON anatomy. Most of the histological description in this study is based on previous studies (Asakawa et al., 2016; Guo et al., 2001; Hayreh & Vrabec, 1966; Raff, 1989; Sandell & Peters, 2002; Sun et al., 2009) (Sun et al., 2009; Ueda et al., 1999) , cats (Freeman, 1978; Stone & Campion, 1978) , canine (Hogan & Williams, 1995) , rabbit (Asakawa et al., 2016) , monkey (Sandell & Peters, 2002) and in human (Jonas et al., 1992) .
The percentage of the fibrous elements shows marked species variation. The structure of the ON sheath in human differed from the monkeys and mouse in that there was neither similar adhesion in the optic canal or softness of the sheath back to the eyeball (Sandell & Peters, 2002) . In camel, the meninges surrounded the ONs that give the connective tissue septa containing fibroblast cells with flat nuclei.
These results are similar to the findings of some authors (Forrester & Peters, 1967; Reese & Ho, 1988) . Previous studies have shown that the nerve fibres myelinated in the orbital portion and the rest of the ON (Stone & Campion, 1978) . Consistently, we found that a positive staining reaction in the ON against Heidenhain's myelin staining and Mallory's phosphotungstic acid haematoxylin. The majority of axons were myelinated in the ON of both animals. Previous studies showed that there was a considerable regional difference in the size of ON axons. The large myelinated axons were detected in the dorsal and the periphery, whereas smaller myelinated fibres and a high ratio of unmyelinated fibres were located in the centre of the nerve (Vaney & Hughes, 1976) , cats (Friede, Miyaghishi, & Hu, 1971; Williams & Chalupa, 1983) and primates (Reese & Ho, 1988) . Otherwise, Dunlop, Ross, & Beazley, 1994 , observed that about 26%-43% of the honey possum ON axons are unmyelinated. In contrast to the previous report, we found that the myelination was evenly distributed in the ON in camel ON.
| Microglia cells, oligodendrocytes and astrocytes
Astrocytes perform many important functions in brain, spinal cord and ON, including supporting of endothelial cells that has a role in formation of the blood-brain barrier, supplying of nutritive substances to the nervous tissue, preservation of extracellular ion balance and a role in the renovation and scarring process of the nervous tissue following traumatic injuries (Verkhratsky & Butt, 2013) .Astrocytes support the glial limiting membrane surrounded the blood vessels in nervous tissue; they elevate and metabolize the neurotransmitters; and as well as they produce cytokines (Anderson & Swanson, 2000; Partridge, 1999) . They respond to traumatic injury and normal senility with a response that typically includes increased expression of GFAP, hypertrophy and sometimes proliferation (Ridet et al., 1997; Tacconi, 1998) . In our study, we studied the expression of astrocytes immunohistochemically and found that different shape of astrocytes can be detected in the ON. To our knowledge, this is the first time that glial cells expression in the ON of the adult camel has been shown. GFAP is the main astrocytic IF protein in the CNS (Garrison, Dougherty, Kajander, & Carlton, 1991) . Astrocytes comprise three types of IF proteins: GFAP, vimentin and nestin. GFAP is the only IF protein that forms filaments on its own (Eliasson et al., 1999) . Nestin cannot form IFs on its own. Meanwhile, vimentin form IFs with either nestin or GFAP as an obligatory partner. In camel ON, we found that GFAP was highly conserved among the comparative species when compared with human. Astrocytes are the most numerous cell types in the brain (Piet, Vargová, Syková, Poulain, & Oliet, 2004) . Consistently, in our study, we revealed that the intensity of astrocytes was significantly higher than the intensities of both oligodendrocytes and microglia cells.
Oligodendrocytes form the myelination that surrounds every nerve fibre axon in the mammalian ON. They are the most popular neuroglial cell type in the ON, accounting for about 60% of the total glial profiles in transverse sections, similar to that approximating proportion is present in the primary visual cortex of monkey (Peters et al., 2000) . In our study, we found that camel ON contains oligodendrocytes, which distributed among the astrocytes. Moreover, the degree of overlapping between GFAP, MBP and Iba1 was determined by Manders overlap coefficient.
The microglial cell is the minimal common and least prominent cell in the young ON. They account for about 6% of the total neuroglial profiles in the young ON, and their proportion slightly increases in the old nerve. These values were similar to those obtained in the primary visual cortex of monkey (Peters, Josephson, & Vincent, 1991b ).
The activated microglia, found in the normal ageing brain, have been common in the white matter than in the grey matter (Sheffield & Berman, 1998; Sloane, Hollander, Moss, Rosene, & Abraham, 1999) . The major importance of the network model is possible to supply a flexible tissue skeleton for the ON, for example, to adjust eye movements. Meanwhile, it also defines the spatial apportionment Ranvier nodes and has uncommon correlating lipid-laden cells.
Astrocyte precursors of the CNS usually produce vimentin as the major IFs. A switch between vimentin and GFAP expression controls astrocyte maturation. Therefore, GFAP was recognized as an astrocyte maturation marker (Türkmen et al., 2007) .
| GFAP staining in camel
Glial fibrillary acidic protein immunoreactivity was detected in both cerebellar cortex and the medulla in camel. In the molecular layer, the GFAP staining was observed with few or moderate reaction.
The Purkinje cells were surrounded by a brown network of GFAP immunoreactive glial cell (Beheiry, 2016) . In camels and buffalos, GFAP immunostaining could not be detected in the sensory and non-sensory epithelium, vomeronasal (VN) or glands. GFAP labelled only unsheathing cells of the dispersed nerve fibres in the lamina propria of the Vomeronasal organ (VNO) (Emam, Abdelghaffar, Anwar, & Kassab, 2016) . According to the view that GFAP is a classical glial marker likes astrocytes, satellite cells in ganglia and nerve surrounding cells (Mi et al., 2001) The nerve fibres are arranged in bundles (Fiacco, Agulhon, & McCarthy, 2008) , with the alternating of some fibres between the neighbouring bundles, forming a kind of network. The myelin sheaths arrive nearly to the posterior portion of the lamina cribrosa.
Within the bundles of the nerve fibre, there are longitudinal rows of angular elements of the oligodendroglia, along with dense cytoplasm and short protoplasmic processes (Baumann & Pham-Dinh, 2001 ). Wolter (1956) revealed that the glial cell fibres surrounded the nerve bundles and the individual nerve fibres within the bundle.
Electron microscopic examination showed that the long astrocytic processes of extending into the fascicles at right angles of the nerve fibres, while the astrocytes surrounded the bundles, (Wolter, 1957) however, found only an episodic astrocytic process going towards the nerve. The glial framework, created by the astrocytes, expands over the entire ON head and appears to account for more than half of the volume of the ON head (Hochstim, Deneen, Lukaszewicz, Zhou, & Anderson, 2008) .
This study concluded that the specific GFAP astrocytic marker highly enriched in the ON and distributed evenly whereas MBP and Iba1 were present at scanty levels. We found an association between different types of glial cells that reflect their coordinated function in the ON. Although our study data showed the first evidence for differential expression pattern of glial population, further molecular studies are still required to reveal the specific role of each molecule in the camel ON.
CO N FLI C T O F I NTE R E S T
The authors declare no conflict of interest.
